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Neanthes (Nereis) sue cine a (Frey and Leukart) is a nereid polychaete found

in both hypersaline (Carpelan and Linsley, 1961) and brackish waters (Oglesby,
1965). Studies on the survival of N. succinea, and other euryhaline nereids, in

sea water below 30% have been well reviewed by Oglesby (1969). Survival is

achieved at the organismal level by the hyper-regulation of sodium chloride in the

coelomic fluid (Oglesby, 1965), together with compensatory adjustments in the

body wall permeability to water (Smith, 1964) and salts (Smith, 1963). At

salinities greater than 30% SW the coelomic fluid of these worms conforms

osmotically with the environment. Since any changes in the coelomic fluid osmotic

activity, either in the regulating or conforming range, are presumed to be ac-

companied by equivalent osmotic adjustments in the intracellular compartment, the

means by which this cellular equilibration is accomplished is most important.

Osmotic regulation in polychaetes has not heretofore been examined at the

cellular level, and at the tissue level only with respect to the suggested osmoregu-

latory role of the large free amino acid pool consistently found in the tissues of

these organisms (Clark, 1968a, 1968b). In euryhaline polychaetes large decreases

in intracellular osmotic activity presumably are achieved by the reduction of a

considerable portion of this nitrogenous solute pool, together with the removal of

water (Jeuniaux, Duchateau-Bosson, and Florkin, 1961; Clark, 1968b). The

responses of other tissue solutes of marine annelids to osmotic stress have not been

examined, save for one brief account of Arenicola muscle tissue at two salinities

(C. B. Cowey and J. Shaw, unpublished, cited in Potts and Parry, 1964).

It is apparent that the distribution of intracellular solutes in marine annelids is

poorly understood relative to other aspects of the osmotic physiology of these

organisms. This paper presents the results of our studies on the partitioning of

the major organic and inorganic solutes and water in both extra- and intracellular

compartments of Neanthes succinea adapted to various salinities.

1 This study represents portions of two theses presented to the faculty of California State

University at San Diego by the first two authors in partial fulfillment of the requirements for

M.S. degrees. Part of this work was supported by a California State University at San Diego

Foundation Grant (#261134) to Mary E. Clark.
2 Present address : Department of Biology, University of California at Los Angeles, Los

Angeles, California 90024.
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MATERIALS ANDMETHODS

Collection and maintenance

Specimens of Xcanthcs snccinea \vere collected in Colorado Lagoon, Alamitos

Bay, Long Beach, California. Although not a true estuarine environment, the

salinity of the lagoon varied from 97% SWto 24% SW (100% SW:= 560 mM
Cl) over the period of January 1970 to January 1972. Worms were kept at 15 to

18 C without feeding in filtered artificial sea water of the following composition

(or dilutions thereof) : Na, 487.2 mn; K, 9.0 HIM
; Ca, 9.1 HIM, Mg, 48.4 HIM

; SO4

25.5 HIM; Cl, 556.1 mat; HCO3 ,
2.1 HIM. Experimental specimens were always

moved through salinity gradients in a stepwise fashion, remaining several days
at each dilution. Only worms kept at the final acclimation salinity for five or more

days were used experimentally.

Sample preparations

No particular distinctions were made regarding either the sex or size of experi-
mental animals. Regenerating worms were frequently used, but only when suf-

ficiently advanced in caudal development. Specimens were also utilized in a

variety of reproductive states
;

however extremely ripe individuals and heteronereids

were discarded.

Coelomic fluid was removed from unanesthetized specimens with a fine tipped,

hand drawn capillary. Samples were taken only from the anterior half of the

worm with as few punctures as possible (generally three). The supernatant of the

centrifuged coelomic fluid was stored at 4 C prior to analysis.

A uniform tissue type was obtained by excising only the anterior ventral

musculature. Care was taken to remove the parapodia, gut, and large blood vessels.

This procedure resulted in a nearly homogeneous tissue sample, since only

nephridial fragments and the thin epidermis and external cuticle remain attached

to the muscle. Except where sample pooling was necessary tissue solutes and

water content were determined on the same piece of tissue.

Inorganic tissue solutes were extracted in glass distilled water at 4 C for at

least 36 hours. Justifications for using this procedure have been given by Webber
and Dehnel (1968). This method was preferred here to avoid interferences

associated with acid extracts during the subsequent chemical analyses.

The water contents of whole animals and tissue pieces were obtained by drying
the samples to constant weight at 60 C. Weights w-ere recorded with a Mettler

Type H-16 analytical balance to the nearest hundredth milligram.

Analytical methods

Sodium, potassium, and calcium were determined with a Beckman DU flame

photometer equipped with a photomultiplier. In the estimation of K and Ca,

sodium was added to the standards to adjust for spectral interferences attributable

to this ion. Total calcium plus magnesium was measured by an ethylenediamine-
tetraacetic acid titration using Eriochrome Black T as an indicator (Walser, 1960).
The magnesium concentration was then obtained by difference.

Chloride was determined by microtitration following the method of Schales and

Schales (1941). Phosphate levels were analyzed by the technique of Parvin and
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Smith (1969). Identification of the various phosphate fractions (inorganic ortho-

phosphate, phosphagen phosphate, and adenosine triphosphate) was accomplished
by inorganic phosphate analysis following varying periods of hydrolysis in 1 N HC1
of the trichloroacetic acid extracts of pooled, freshly excised tissues (slightly modi-
fied from Shaw, 1958a).

Total ninhydrin positive nitrogen (Nin +N) was determined on alcoholic

extracts of pooled fresh tissues following the method of Clark (1964).
The osmotic activity of coelomic fluid samples was estimated by the comparative

melting point method of Gross (1954). Results of these analyses are expressed in

milliosmoles/1 by assuming 0.50 M NaCl is equivalent to 1000 milliosmoles/1.
All analyses of solutes from individual worms were performed in duplicate.

Triplicate analyses were made on pooled samples of approximately equal weights
of tissue or volumes of coelomic fluid from at least six worms.

Extracellular space

The extracellular space (ECS) of the muscle tissue was determined by two

separate methods using
14 C-inulin (New England Nuclear, lot #606-204). In

the first method an in vivo technique was used (Clark, 1972). Specimens, partially

anesthetized in a 0.1% MS222 sea water solution, were slowly injected with 0.25

/xCi of 14 C-inulin in 10 {A of a sea water carrier by means of a fine tipped glass

needle attached to an Agla micrometer syringe. After a predetermined equilibration

time coelomic fluid samples were withdrawn from the anterior portion of the

coelom. Duplicate 5/*l aliquots of the centrifuged coelomic fluid supernatant were

placed in 10 ml of a scintillation cocktail (2 parts of a toluene solution, containing

8 g Omnifluor (New England Nuclear) per liter, and one part Triton X-100) and

counted on a Packard TriCarb Liquid Scintillation Spectrometer.

Excised muscle tissues from the same region of each specimen were weighed
and then dissolved in 1 ml of 88% formic acid in a scintillation vial. After diges-

tion, 10 ml of the scintillation cocktail were added and the mixture counted.

The second method for determining the ECS was an in vitro technique.

Weighed pieces of body wall musculature were incubated in the appropriate sea

water solution containing approximately 0.1 microcurie 14 C-inulin per milliliter.

Following a predetermined incubation time the tissues were rinsed, blotted on a

non-absorbent surface, and digested as before. Aliquots of the incubation medium

were treated and counted as the coelomic fluid samples in the in vivo method.

Water content was determined on a parallel sample of tissue.

Counting error was less than two per cent, and counts of all samples were

quench corrected.

RESULTS

The solute composition of the adaptational salinity, coelomic fluid, and muscle

tissue of Neanthes succinea is presented in Table I. Tissue values are presented

here for comparative purposes, since much of the published data concerning marine

invertebrate muscle solutes have not been corrected for extracellular space.



292 FREEL, MEDLERAND CLARK

TABLE I

Solute composition of the coelomic fluid and muscle of N. succinea at various salinities.

Concentrations are given in millimoles per I or per kg tissue H-iO / S.E. (N)
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The coelomic fluid

With the exception of K, the osmotic and ionic composition of the coelomic
fluid of N. succinea conforms with adaptational salinities as low as 35% SW.
Potassium exists in a hyperionic state at all salinities examined, yet it contributes
little to the total osmotic activity of the coelomic fluid. The ratio Kcfl /K sw is not
constant however, varying from 1.5 to 3.5 in 100% and 10% SW, respectively.
Below 35% SWthe coelomic fluid is hypersomotically regulated. This hyperosmotic
plateau results primarily from the retention of NaCl, with minor contributions

tt
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FIGURE 1. The per cent water content of whole animals (closed circles) and body wall

pieces (open circles) of worms adapted to 10, 20, 35, 50, 75 and 100 per cent sea water. The
vertical bars represent 2 S.E. and the sample size is indicated beside each point. For clarity

the points have been slightly displaced to each side of the appropriate per cent sea water.

by Ca and Mg. Although the survival limits of this population were not determined

here, it wr as observed that coelomic chloride remains isoionic with media as con-

centrated as 160% SW, while it continues to be hyper-regulated at salinities as low
as 7% SW.

It is reasonable to assume that all of the coelomic fluid solutes have been

accounted for, since the differences between the summed solute levels and that

measured by freezing point depression are negligible. Addition of sulfate and

bicarbonate (which were not directly measured) to the summed sea water totals

would only increase them by 2%. The contribution of these ions to the total

solute levels in the coelomic fluid is also probably small.
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The extracellular space

As the salinity is reduced there are increases in the hydration of both the whole

animal and the muscle tissue ('Fig. 1 ). An approximation of how this water gain

is apportioned between the intra- and extracellular spaces is given by the chloride

space of the tissue :

Cl space = [

( 'I
]

tissue nmiolcs k^ tissue I I
>( )

[Cl] Cfl HIM

The major assumption here is that all of the chloride measured in the muscle

tissue is restricted to the ECS. Since this is likely to be false, the value obtained

represents a maximum size for this compartment.

TABLE 1 1

Extracelhdar space estimates of muscle tissues excised from worms

adapted to various salinities
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Intracellular solute levels

The apparent intracellular concentration
( [I], mmoles/kg cell water) of a given

solute was calculated as follows :

[T]- ([C].(ECS))
1 (ECS)

In this equation [T] is the mean tissue concentration of a given solute in mmoles/
kg tissue water; fC] is the mean coelomic fluid solute concentration, ITIM

; ECS is

the extracellular space as estimated by the in i'ii'0 inulin space. It should be noted
that this equation incorporates two assumptions of questionable validity. It is

assumed that all of the analyzable water is acting as solvent, and furthermore, that

all of the solute measured is osmotically active. Because of the limitations imposed

TABLE III

Apparent intracellular solute concentrations in the muscle fibers of worms adapted to

various salinities (all values expressed as mmoles per kg cell water; X 2 S.E.)

Solute
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It is not known if all of the intracellular osmolytes present in Neanthcs muscle

have been accounted for in this study. In Table III the summed concentrations

of the individual solutes have been expressed as a fraction of the measured coelomic

fluid osmotic activity. In muscle fibers from worms adapted to 100% SWonly

82% of the extracellular activity \va.s accounted for. When expressed as a fraction

of the coelomic fluid activity the intracellular solute totals increase with decreasing

salinity. Thus, in muscle fibers from 10% SWadapted worms the summed intra-

cellular solute level is 145% of the coelomic fluid activity. This observation is

considered in more detail in the discussion.

It is evident that all intracellular solutes decrease in concentration with de-

creasing salinity. The extent to which these solute reductions result from incre-

ments in cell hydration is of major interest. Solute concentrations ([I] predicted)

TABLE IV

The ratios of the observed (O) to predicted (P) apparent intracellular concentrations

of the various muscle solutes from worms adapted to several dilutions

Solute
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the diluted fibers at apparent concentrations much less than would be predicted on
the basis of increases in cell water. That is, the influx of water does not wholly
account for the observed reductions in concentration of these solutes.

DISCUSSION

The coelomic fluid of this population of Neanthes succinea is isosmotic with the

environment to about 35% SW, below which hyperosmotic regulation occurs.

Other populations have been shown to respond to dilution in a qualitatively similar

fashion (Oglesby, 1965). The salinity at which hyperregulation begins appears
to be similar for all osmoregulating nereids, while major differences are often ob-

served with respect to their capacity and extent of regulation. Thus, specimens of

.V. succhica from Alamitos Bay are much weaker hyperosmotic regulators than the

same species from other localities. For example, the San Francisco population in

10% SWhas a coelomic fluid osmotic activity some 70 milliosmoles greater than

the worms studied here (Oglesby, 1965). These discrepancies between popula-
tions of the same species are considered as being indicative of the physiological, and

perhaps genetic, plasticity of nereid polychaetes. Such physiological variability has

been noted previously in populations of N. diversicolor from different parts of its

geographical range with respect to osmoregulation (Ellis, 1937) and chloride

regulation (Smith, 1955). Intraspecific variation in the ammoacid composition of

isolated populations of N. snccinea from Alamitos Bay and the Salton Sea have

been described (Mearns and Reish, 1969), further supporting the idea that these

organisms are physiologically diverse.

The maintenance of hyperosmotic body fluids, achieved mainly by the retention

of NaCl, at salinities less than 35% SW in N. snccinea and N. diver sic olor

(Oglesby, 1970) suggests an active process. Two avenues for the active regula-

tion of solutes have been demonstrated in nereid polychaetes. First, in N. diversi-

color the urine concentration in the conforming range is isosmotic with the coelomic

fluid, while in the regulating range a progressively more hyposmotic urine is

elaborated with decreasing salinity (Smith, 1970b). It is possible that solute

retention by means of hyposmotic urine production is also important in N. succinea.

Secondly, it has been recently demonstrated that a sodium translocating system
exists in the body wall of N. succinea (Doneen, 1971). This system is present in

worms acclimated to salinities lower than 35% SW, but appears to be inactive in

animals living in the conforming range. Smith (1970a) has also demonstrated

active- chloride uptake in N. diversicolor at salinities where regulation occurs.

In the present study coelomic fluid potassium was shown to be hyperionic to

the medium over the entire range of salinities. Both Oglesby (1970) and Fletcher

(1970) obtained similar results with N. diversicolor. Coelomic fluid ultrafiltrates

prepared by Fletcher indicated that the elevated K is not attributable to binding by
coelomic fluid proteins. Oglesby (1970) proposed that the hyperionic state of K
measured in the coelomic fluid of N. diversicolor and other polychaetes (Oglesby,

1969) is an artifact of the sampling procedure, contending that repeated penetration

of the body wall causes sufficient tissue leakage to increase the coelomic fluid K
levels. If, however, intracellular leakage were a major factor, other solutes such as

Nin + N might also be expected to contribute similarly to the coelomic fluid

Nin + N levels. Thus, if Nin + N leakage were proportional to the presumed K
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leakage in worms adapted to 100% SW, then an amount of Nin + N greater than

actually measured would have come from this source.

When N. siiccinca is acclimated to low salinities, Ca and Mg are concentrated

in the coelomic fluid in addition to NaCl. A qualitatively similar rinding was

reported by Fletcher (1970) for AT

. diversicolor. In this species Fletcher demon-
strated that about 20% of the Ca and 14% of the Mg are bound to coelomic fluid

proteins. This amount of binding, however, was not sufficient to explain the ob-

served concentration of these solutes in the coelomic fluid at low salinities. Fletcher

proposed that a major portion of this solute accumulation results from the passive
diffusion of Ca and Mg across the body wall into the coelomic fluid in response to

the inside negative electrical potential generated across the body wall of N. diversi-

color at low salinities. Calcium and magnesium retention via the production of a

hypotonic urine was not ruled out however. The inside negative potential generated

by N. siiccinca at low salinities is slight (not exceeding 3.5 mV in 20% SW,
Doneen, 1971), and could account for only three-fourths of the observed divalent

solute levels. Since the extent of binding of these solutes to coelomic fluid proteins
in N. siiccinca is not known, it is difficult to state with certainty whether an active

or passive process (or both) is involved.

It is of interest to note that the ability to control body volume in N. diversicolor

is in part governed by the presence of Ca in the environmental medium (Ellis,

1937). When 20% SWacclimated worms are transferred to an isotonic, Ca-free

sea water there is a large and rapid influx of water. The observed accumulation of

Ca at extreme dilutions may be essential for the establishment or maintenance of

reduced body wall permeabilities required for survival. In this sense Ca con-

centrating mechanisms may be as important as the Na accumulating systems at

low salinities.

Tissue inorganic solute levels have been reported for several marine worms from

stenohaline habitats. Whole muscle solute concentrations, particularly K, in

Phascolosoma (Steinbach, 1940), Eunice (Dejorge, Petersen, Ditadi, and Sawaya,

1966), and Sipunculus (Dejorge, Petersen, and Ditadi, 1970) are lower than those

observed in body wall musculature of A^. siiccinca (present report) or Arenicola

(Cow'ey and Shaw, unpublished, in Potts and Parry, 1964) adapted to 100% SW.
Reasons for such variations are not apparent. They are unlikely to result from

variations in the ECS, since potassium, primarily an intracellular solute, is up to

three times more concentrated in Ncanthcs and Arenicola muscle than in the other

worms.

The major osmotic component in the muscle tissue of Neanthes is the Nin + N
fraction. This is in agreement with the observations of Clark (1968a) on a

variety of polychaetes, including the closely related N. vexillosa. The tissue amino

acid concentrations of Arenicola are similar to those of N. succinca (Jeuniaux
ct al., 1961

; Cowey and Shaw, unpublished, cited in Potts and Parry, 1964), and

result primarily from two amino acids, alanine and glycine. Although no qualitative

analyses of the amino acids in N. siiccinca muscle tissue were made in this study, a

disproportionality in the levels of individual amino acids has been previously re-

ported. In specimens of N. siiccinca from Alamitos Bay it was noted that up to

50% of the total alcohol extractable amino acids from whole worms are alanine

and glycine (Mearns and Reish, 1969).
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Intracellular solute concentrations have never been determined for any poly-
chaete muscle tissue prior to the present report. Gilbert and Shaw (1969), how-
ever, measured the cation concentrations in the extruded axoplasm of the single
median giant axon of the sabellid My.vicola. This fluid was found to be isosmotic

to the bathing medium. In the following considerations, the assumption is made
that the osmotically active water of the muscle fiber interior is in osmotic equilibrium
with the extracellular milieu. This assumption is supported by direct observa-

tions, such as the freezing point depression of intact fibers, on several different

muscle tissues (Potts, 1952; Shaw, 1958b; Dick, 1971).
Evidence supporting the inhomogeneous nature of the cell interior is accumulat-

ing. The assumptions inherent in the method of calculation of intracellular con-

centrations are most likely invalid on two accounts. First, much evidence can be

adduced to support the conclusion that a significant fraction of the total cell water

behaves as though it were osmotically inactive. In Callincctes, for example, 33%
of the muscle fiber water is osmotically inactive (Lang and Gainer, 1969a). Using
seven independent estimates Hinke (1970) concluded that 25% of the analyzable
water in Balanus fibers does not act as solvent for myoplasmic solutes. Further-

more, this non-solvent space was shown to have a volume equal to the osmotically
inactive space of these fibers.

This concentrative effect of reduced solvent volume may be offset by reductions

in intracellular osmotic activity. Various experimental approaches have indicated

that a significant portion of inorganic ions are compartmentalized or bound in

invertebrate muscle. In Houianis, immobile or non-exchangeable components for

both Na and Cl have been observed (Dunham and Gainer, 1968). McLaughlin and

Hinke (1966) measured Na and K activities and the solvent space of the myoplasm
of Balanus fibers and concluded that 92% of the intracellular Na and 38% of the

K are bound. Robertson (1961) found that the fluid mechanically expressed from

Nephrops muscle tissue differs in ion composition from intact muscle. In this case

82% of the Na and 26% of the myoplasmic K were considered bound.

One of the salient features of the data presented here is the fact that the ap-

parent total intracellular solute concentration in Neanthes muscle fibers is not

proportional to the measured coelomic fluid osmotic activity over the range of

salinities studied. That is, in fibers from animals adapted to 100% SWthe total

measured solute concentration is only 82% of that in the coelomic fluid, while in

fibers from worms adapted to 20% SWthe summed solute level is 115% of the

coelomic concentration. Although confidence can be placed only on the data from

animals adapted to 100%. and 20% SW, since those at the other salinities were

calculated using estimated ECS values, Table III suggests that the apparent total

intracellular solute concentration, relative to that in the coelomic fluid, progressively

increases as the salinity is reduced.

The most plausible explanation for this sort of result arises from the question-

able validity of assuming isosmoticity between the total cell water and the coelomic

fluid. That is, the volume of the solvent space or the extent of solute binding may
not be constant over the range of coelomic fluid osmotic pressures to which the

muscle fibers are exposed. For example, as the salinity is reduced, particularly

from 50% to 10% SW, either there may be increases in the osmotically active

volume (solvent space) relative to the total cell water, or there may be increments
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in the proportion of solute bound to intracellular protein. Additionally, it is pos-

sible that both phenomena could occur together to produce the observed result,

namely an apparent increase in the osmotic activity in diluted fibers relative to that

in the coelomic fluid.

Our observations indicate that the changes in concentration of certain intra-

cellular solutes of A
T

- succinea (K, Ca, Mg, PO4 fractions) could be explained

merely by changes in the total intracellular water content, while others (Na, Cl,

Nin + N) can not. This agrees well with the results presented by Shaw (1955)
for single muscle libers of Care-inns and the data of Cowey and Shaw (in Potts and

Parry, 1964) for whole muscle solutes of Arenieola. Shaw's tracer studies on

Carcimis muscle (1958a) indicate that inorganic phosphate is merely diluted by
increases in cell hydration because the muscle fibers are impermeable to this solute.

The dilution of potassium, however, appears to result from equal inward and out-

ward fluxes, rather than to its being impermeant. Due to the similarity of muscle

solute responses to dilution between Ncantlies and Carcinus it would not be sur-

prising to find that these solutes are distributed in Neanthes muscles because of

similar membrane properties.

The reductions in intracellular amino acid concentration below the level ex-

pected after hydration is a commonly observed phenomenon in marine polychaetes

(Jeuniaux ct al., 1961
; Cowey and Shaw, in Potts and Parry, 1964; Virkar, 1966;

and Clark, 1968b) and euryhaline marine invertebrates in general (Florkin and

Schoffeniels, 1969). It is not necessary that these nitrogenous solutes be actually

removed from the myoplasm, but only that they be rendered osmotically inactive.

\Yhether intracellular amino acids in Ar
. succinea are extruded from muscle fibers

as in Callinectes (Lang and Gainer, 1969b) and Eriocheir (Vincent-Marique and

Gilles, 1970), or sequestered from the osmolyte pool by incorporation into protein

as in Mdanopsis (Bedford, 1971) and Ophiactis (Stephens and Virkar, 1966)

remains to be demonstrated.

Osmotic inactivation of nitrogenous solutes, regardless of the means by which

it occurs, is believed to be an important part of the osmotic adjustments of the cell

interior during adaptation to reduced salinities. Cell volume regulation in response

to hypotonic salines has been described in single muscle fibers of Callinectes and

inferred from the minimal tissue hydration changes in many other euryhaline marine

invertebrates. Isolated muscle tissues of N. succinea also show a definite volume

regulatory response to moderately hypotonic salines (Freel, unpublished observa-

tions). Despite the dynamic role of free amino acids in intracellular osmoregulation

this is probably not their major function in the tissues of marine invertebrates

(Shaw, 1958b). Strong support for this contention has been provided by Clark

(1968a) who noted that tissue Nin + N levels in several stenohaline polychaetes

are even greater than the levels reported for N. succinea. It is, then, the mechanism

of osmotic inactivation that defines the capacity for intracellular osmotic regula-

tion, rather than the high concentrations of free amino acids per sc. Due to the

ubiquitous distribution of high levels of amino acids in the tissues of marine

invertebrates a more fundamental hypothesis regarding the steady state function of

these nitrogenous solutes is required.
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SUMMARY

1. The solute composition of the coelomic fluid and ventral musculature of a

euryhaline polychaete, Neanthes snccinca, acclimated to various salinities was
examined.

2. The coelomic fluid of these worms conforms osmotically and ionically (with
the exception of potassium) with salinities as low as 35% SW. Below this point

hyperosmotic regulation of the coelomic fluid occurs as a result of the retention of

NaCl. Calcium and magnesium are also slightly concentrated in the regulating

range but they do not contribute significantly to the hyperosmotic plateau. The
means of solute retention in the coelomic fluid are considered.

3. The extracellular space of the muscle tissue remains unchanged over the

salinity range, although the tissue does become more hydrated. Thus, the water

gain upon adaptation to dilute conditions must be proportionally distributed between
the intra- and extracellular spaces.

4. The sum of the apparent concentrations of the intracellular solutes measured
was not a constant proportion of the coelomic fluid osmotic activity, possibly in-

dicating that either the solvent volume or the extent of solute binding varies with

the external osmotic activity.

5. Intracellular solute concentrations fall with decreasing salinity. The reduc-

tion in concentration of K, PO4 fractions, Ca, and Mg may be explained merely on

the basis of increases in cell hydration, while the lower concentrations of Na, Cl,

and Nin + N are not wholly accounted for by the influx of water. The removal of

a large fraction of the free ammo acid pool is the major osmotic adjustment ob-

served in the muscle fibers of this worm.
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